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Background: Given the potential colonoscopy has in prevention and early detection of colorectal cancer (CRC), its overall use within a population is a meaningful parameter to estimate the future CRC burden. We aimed to examine overall prevalence and correlates of colonoscopy use in Germany, a country with a long-standing, opportunistic CRC screening programme. Methods: The data were collected in 2004 through the Health Care Access Panel, a nationally generalisable survey of German households. The sample comprised 15,810 men and women aged 50 to 70 years without a personal history of cancer. Results: Overall, 36 % of respondents reported to have had at least one colonoscopy in the past (25 % once and 11 % more than once). Prevalence of colonoscopy use strongly increased by age (from 25 % to 43% in age groups 50 -54 and 65 -70, respectively), but hardly differed by sex. Previous faecal occult blood testing (FOBT) was the most important correlate of colonoscopy use in either sex. Conclusions: Our survey from 2004, when FOBT was still the most important screening tool in Germany, suggests that more than one third of the German population underwent colonoscopy at least once up to age 70. While introduction of screening colonoscopy is expected to impact on overall colonoscopy use in the long run, these data can serve as point of reference to assess the extent and the patterns of such changes.
Introduction
!
Colorectal cancer (CRC) is among the most common cancers worldwide, with incidence rates being particularly high in industrialised countries [1] . The preventive potential colonoscopies, by allowing the removal of precursor lesions, has been increasingly recognised. Recent observational studies have shown a strong inverse association between the risk of developing CRC and (ever) use of colonoscopy (irrespective of indication) [2 -5] . Thus, the overall colonoscopy use of a population may become a meaningful parameter to estimate future CRC burden. Apart from this public health relevance, overall colonoscopy use is an important parameter in terms of estimating colonoscopy-related health care costs and required capacities. Overall colonoscopy use in the general population is difficult to estimate because there are different reasons that could lead to colonoscopy, such as gastrointestinal symptoms or CRC screening (e. g., a follow-up colonoscopy after a positive FOBT). Furthermore, it is expected that there is a certain overlap between colonoscopies (formally) performed in the context of CRC screening and colonoscopies performed due to symptoms. Population-based health surveys are therefore an important tool to estimate the overall colonoscopy use in the general population. While such survey data are abundantly available for the U. S. population collected within national health surveys on a regular basis (Behavioral Risk Factor Surveillance System, National Health Interview Survey), corresponding estimates are extremely scarce for European countries [6] . In Germany, a population-based CRC screening programme with annual FOBT and colonoscopic follow-up of positive test results has been offered since 1977 to individuals from age 50. While FOBT screening continues to be offered, screening colonoscopy was introduced in late 2002 as an alternative to FOBT screening from age 55. Participation rates in screening colonoscopy, which are documented in detail (stratified by age, sex and year) within a national screening colonoscopy database are low [7] . Generally, there is no organised structure of inviting or reminding individuals to participate in colorectal cancer screening, i. e., it is an opportunistic screening programme. All screening-related costs are covered by the mandatory health insurance. The aim of this study was to assess the overall colonoscopy use in Germany in 2004, a country where an opportunistic CRC screening programme has been in place for more than 30 years, by means of a large, nationally representative survey.
Participants and Methods
!
Study population and setting
The data for this study were collected within the Health Care Access Panel (HCAP) of the year 2004. The HCAP, which was first carried out in 1999, is a large German household panel survey which was developed as a multi-purpose database providing information about chronic diseases and health-care utilisation in the general population. It uses a sampling method specifically designed to arrive at representative population samples. Furthermore, individual weighting factors are calculated to account for slight deviations from the general population with respect to age, sex and region. The validity of data provided by the HCAP in terms of its representativeness has been carefully checked and confirmed by comparison with national data sources provided by the German Federal Office for Statistics and previous health surveys [8, 9] . The HCAP of the year 2004 contained 71,446 persons aged 20 -70 years and the household response rate was 58 %. For the present study only respondents ≥ 50 years were included (n = 17,146). 1,336 persons with a personal history of cancer were excluded from the study. The final sample for the present study comprised 15,810 adults aged 50 -70 years.
Data collection
Data collection took place between August and October 2004 by mailed questionnaires. Due to delayed data processing and prioritising of other research questions, we analysed the data regarding colonoscopy use only in 2009. The development of the questionnaire included piloting and pre-testing of the items in independent samples to ensure its clarity and comprehension. Participants were asked if they had undergone colonoscopy in the past (assessed by the German colloquial term 'Darmspiegelung' for colonoscopy) with the possible answers "never", "once" and "more than once". In addition, we assessed potential correlates of colonoscopy use: Information on past adherence to FOBT screening (possible answers "never", "irregularly", "regularly every 1 -2 years"), and sociodemographic data including age in years, marital status, family size, education (9 th grade or under, 10 th grade, high school certificate, college graduate), monthly family income and health insurance status (public versus private) were collected. Family history of cancer was assessed by asking the participants whether they had knowledge of (any) cancer amongst their grandparents, parents or siblings ("no"; "yes, one person"; "yes, two or more persons"). Physician's recommendation was assessed by asking participants whether a physician had recommended that they undergo a test for the early detection of cancer (1 = yes, 0 = no/ I don't know). General medical check-up was measured by asking participants to indicate on a four-point scale ("never", "irregularly", "every two years" or "annually") whether and how regularly they had attended a free medical check-up as provided by the German health-care system starting at age 35.
Statistical analysis
The study population was described with respect to age, sociodemographic variables, physician's recommendation for cancer screening and utilisation of preventive health-care; sex differences were assessed using chi square statistics. Colonoscopy use was first assessed on a three-point scale according to the original answers ("never", "once", "more than once"). In the following analyses the three-point variable was dichotomised into "ever colonoscopy use" (i. e., at least one colonoscopy) and "never colonoscopy use". The prevalence of "ever colonoscopy use" was stratified by age and sex. We further estimated the prevalence of "ever colonoscopy use" stratified by age and sex for the scenario that screening colonoscopy would not have been offered. The latter estimate was derived from the annual adherence to screening colonoscopy since its introduction, i. e., two years before this survey was conducted (ranging from 2 -5 %, see Supplementary Table in Appednix) and taking into account that a certain proportion of people participating in screening colonoscopy had another colonoscopy before (see Appendix for the formulae and parameters used to compute these estimates). To examine correlates of life-time colonoscopy use (using the dichotomised variable "ever colonoscopy use" as described above) we performed multivariable logistic hierarchical regression analyses taking into account potential clustering within the data. The analyses were done stratified by sex analogously to previous analyses of the survey data regarding correlates of FOBT use [10] . Sociodemographic variables were entered in the first step and all other variables (family history of cancer, use of medical checkups, physician recommendation, FOBT use) in the second step. We used adjusted odds ratios (ORs) and 95 % confidence intervals (CI) to summarise the results of the logistic regressions. Except for the description of the study population (• ▶ Table 1) , we weighted the variables in all analyses according to the individual weights to optimise representativeness of the results. Statistical analyses were carried out using SPSS for Windows (Version 14).
Results
!
The overall sample of 15,810 participants comprised 7,735 men (48.9 %) and 8,075 women (51.1 %). The mean age was 58 years (men: 58.3, SD = 5.5; women 58.1, SD = 5.7). Further characteristics of the study population are shown in • ▶ Table 1 .
The distributions of sociodemographic variables mirror the socioeconomic differences between men and women in the general German population (Federal Statistical Office, 2005) . Women reported more often a family history of cancer than men. They also reported more frequently to have received a physician's recommendation for cancer screening and to have utilised preventive health-care measures including FOBT screening. 
Prevalence of colonoscopy use
Overall, the proportion of participants without previous colonoscopy was 64.4 %, while 24.6 % had one colonoscopy and 11.0 % had more than one colonoscopy in the past. The proportion of respondents with "never colonoscopy" was slightly higher in men than in women (66 vs. 63 %), but this sex difference was marginal in size, although statistically significant (p < 0.01, Cramer's V = 0.04). Accordingly, the proportion of respondents reporting "one colonoscopy" was slightly higher in women than in men (26 vs. 23 %), while the proportion reporting "more than one colonoscopy" was the same in both sexes (11 %). Prevalence of previous colonoscopy use increased with age (• ▶ Fig. 1 ). The proportion of participants with one previous colonoscopy increased from 17% in age group 50 -54 to 29 % in age group 65 -70. The increase with age was less pronounced regarding prevalence of "more than one colonoscopy", which was 8 % in age group 50 -54 and increased to 14 % in age group 65 -70.
• ▶ Fig. 2 shows lifetime prevalence of colonoscopy use (i. e., one colonoscopy or more) stratified by age and sex. In age group 50 -54 one quarter of both men and women had at least one previous colonoscopy. Lifetime prevalence strongly increased with age and was slightly higher in women than men in all age groups. The highest prevalence of colonoscopy use was observed in women aged 65 -70, amounting to 45%. When estimating life-time prevalence of overall colonoscopy use for the scenario that screening colonoscopy would not have been offered, the proportions decreased by about 6 -8% in the different strata above age 55. Again the prevalence of colonoscopy use was estimated to be highest in age group 65 -70, amounting to 39% in women and 35% in men (see Appendix).
Correlates of colonoscopy use stratified by sex
As described in the methods section, sociodemographic variables were entered first and followed by the remaining variables in a second step. The explained variance in the models adjusting for sociodemographic variables (including age) was very small (Nagelkerke's R 2 = 0.01 for either sex) (data not shown).
• ▶ Table 2 shows the ORs for the correlates of lifetime colonoscopy use adjusted for all variables and stratified by sex. Several variables showed sex-specific patterns regarding their association with colonoscopy use. Age correlated with previous colonoscopy use in both sexes, but the association was more distinct among women. Family size was inversely associated with colonoscopy use in men but not in women. Income was not associated with colonoscopy use in men, while among women the odds of having had a colonoscopy were statistically higher in the highest compared to the lowest income group. As to education, there was no clear association or trend in both sexes and also the type of health insurance (private versus public) did not correlate with colonoscopy use. Family history of cancer was significantly associated with colonoscopy use both among men and women, but was more pronounced in women. Among men, only those reporting two or more relatives with cancer showed increased ORs. Regular medical check-ups correlated with colonoscopy use in both men and women, but the association was again more pronounced in women. By contrast, physician's recommendation to undergo cancer screening tests was associated with colonoscopy use only in men. Previous FOBT use showed the strongest association with colonoscopy use in both men and women. Adding use of medical check-ups, physician's recommendation, family history of cancer and previous FOBT use led to a marked increase in explained model variance (Δ Nagelkerke's R 2 men = 0.24, Δ Nagelkerke's R 2 women = 0.17). The increase was higher for men than for women suggesting that these variables are better combined predictors regarding colonoscopy use in men.
Discussion
!
This large health survey from 2004 showed that a substantial proportion of the German population between age 50 and 70 had at least one previous colonoscopy. Self-reported lifetime prevalence of colonoscopy use was already 25 % in age group 50 -55, rising to 40% and more in higher age groups. Adherence to previous FOBT screening, introduced in 1977, was the most important predictor of lifetime colonoscopy use, both in men and in women. About 6 -8% of lifetime colonoscopy use in 2004 was estimated to be attributable to the screening colonoscopy programme which has been introduced in late 2002 and shows comparatively low annual adherence rates. According to a representative cross-sectional survey from 2008, about 42 % of the German population aged 55 -69 reported to have ever had a colonoscopy, compared to 40 % in the same age group in our survey from 2004. Even though the survey from 2008 included only 423 subjects in age group 55 -69, the data do not indicate a substantial increase in overall colonoscopy use since 2004, despite the continuous offer of screening colonoscopy [11] . [12] . Even though interpretation of the latter is limited due to lack of information regarding the underlying age distribution, a lower lifetime prevalence of colonoscopy use in France compared to Germany would be highly plausible given the time gap in terms of introducing FOBT screening. In Austria, where population-wide CRC screening based on FOBT or lower endoscopy is recommended but cost coverage varies by region, about 25 % of the population between 40 -79 years have undergone a colonoscopy according to a survey from 2005 [13] . Another European data source originating from Greece, where population- 1 Coding: 0 = no, 1 = yes. 2 As screening colonoscopy is only offered to people from age 55 we excluded participants below age 55 when examining correlates of life-time colonoscopy use to ensure homogeneity and comparability in this regard. 3 Odds ratios (OR) are adjusted for all other variables entered: age, marital status, family size, family income, education, health insurance, family history of cancer, medical checkup, physician's recommendation and FOBT use; text in italics indicates statistically significant associations for test of difference from respective reference category; significance of Wald-statistic: * p < 0.05, ** p < 0.01, *** p < 0.001; Nagelkerke's R wide CRC screening has not been implemented, reported estimates on recent use of lower endoscopy (colonoscopy or sigmoidoscopy) of about 7 -9 % [14] . The comparison of data from the USA with the data from this German survey is encumbered for the following reason: while sigmoidoscopy is rarely done in Germany and not offered as a screening tool [4] , it has been used for primary screening in the US for several years (as an alternative to FOBT screening). It has been shown that sigmoidoscopy cannot reliably be distinguished from colonoscopy by self-report [15] . U. S. health surveys therefore typically report the use of lower gastrointestinal endoscopy as a combined estimate for sigmoidoscopy and colonoscopy use. The National Health Interview Survey from 2000 reported lifetime prevalence of lower endoscopy use being 39% for respondents aged ≥ 50 years [16] , and 43 % for respondents aged ≥ 65 years [17] . The latter estimate rose to 48 % in 2003, i. e., two years after screening colonoscopy was covered by Medicare [17] . The above-mentioned data sources are generally not indicative of pronounced sex differences in prevalence of endoscopy use. However, slightly higher prevalences in men than in women are reported for some countries [6, 18 -20] , while in Germany it seems to be vice versa. The higher proportion of women with previous colonoscopy in Germany may be attributed to the significant sex differences in adherence to FOBT screening, as reported previously [10] . However, the fact that the observed sex differences in colonoscopy use were small lends support to previous findings of a higher FOBT positivity rate in men compared with women leading to a higher number of follow-up colonoscopies in men than in women [21, 22] . Given that in Germany women tend to show higher adherence to screening colonoscopy than men, the sex difference regarding overall colonoscopy use could further increase in the long run [23] .
As to other potential correlates, the marginal associations with socioeconomic variables indicate no or only very little social inequality in access to colonoscopy. This may reflect the health-care system in Germany where everyone has health insurance, whereas, for example, in the USA these variables have been shown to be important predictors of endoscopy use [24] . The reasons for sex-specific patterns of certain correlates would require further investigation. The present study used a cross-sectional design limiting interpretation of the observed data in terms of age effects and causality of associations. Interpretation of our data is further limited by the fact that information on previous colonoscopy was based on self-reports only. However, validation studies from Germany and other countries verifying self-reported colonoscopies by comparison with medical records found that self-reported data on previous colonoscopy use are highly reliable [25 -27] . We did not collect information on reasons for colonoscopy. Even though such information would be of interest, validity of self-reported data in terms of distinguishing between indications (diagnostic colonoscopy vs. screening colonoscopy) has been reported to be limited [25] . Specific strengths of our study pertain to the large sample, which was drawn using a method to arrive at samples representing the general population. Furthermore, we collected detailed information regarding potential correlates of colonoscopy use, including adherence to FOBT screening stratified by screening behaviour groups. We collected our data in 2004, when the screening colonoscopy programme, introduced in late 2002, had still a small impact on overall colonoscopy use. Our data thus provide a valuable point of reference regarding future developments, e. g., the long-term effect of screening colonoscopy or changes in the screening programme. The German CRC screening programme is currently opportunistic. Higher colonoscopy use would be expected when switching to an organised programme with invitations and reminders, which is a point of ongoing discussion. Furthermore, FOBT screening in Germany is currently based on the guaiac-based FOBT showing high specificity (and low sensitivity). An even higher prevalence of (diagnostic) colonoscopy use is to be expected if newer FOBTs with lower specificity (and higher sensitivity) were used for screening, e. g., certain immunochemical FOBTs [28] , which would lead to a higher number of falsepositive test results being followed-up by colonoscopy.
In conclusion, our survey from 2004, when faecal occult blood testing (offered since more than 30 years) was still the most important CRC screening tool in Germany, suggests that more than one third of the population underwent colonoscopy at least once up to age 70. While introduction of screening colonoscopy or further potential modifications of the screening programme (such as the introduction of an invitation system) are expected to impact on overall colonoscopy use in the long run, these data can serve as point of reference to assess the extent and the patterns of such changes. Originalarbeit 1357
